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Diversity reception controller 
helps radio system performance 


Part 1—Short-term (multipath) fading can fluctuate received signals as 
much as 50dB. Without an adequate fade margin or other solutions, high- 
speed data communications can be adversely affected or entirely ruined. 


Figure 1, Long-term fading is caused primarily by distance and terrain. 
In general, as the distance between transmitter and receiver increases, 
the signal amplitude tends to decrease. Received signal levels tend to 
be stronger when the mobile receiver is on hilltops with a line-of-sight 
radio path to the transmitter. Signals are weaker when the line-of-sight 


path is blocked by terrain. 


By Shane Fitzgerald 


The best criterion for evaluating radio 
system performance is the mobile user’s 
ability to communicate successfully, de- 
fined as meeting or exceeding a standard 
of performance. 

A radio receiver's ability to meet a per- 
formance standard is a function of the re- 
ceived signal strength. If the received sig- 


_hal is at or greater than the level required, 


successful communication is possible. If 
the received signal is less than the re- 


Fitzgerald is RF design engineer at ElectroCom 
Communications Systems, Santa Fe Springs, 
CA. ElectroCom manufactures the ideal selec- 
tion diversity controller described in this two- 
part article. 


quired level, successful communication is 
not possible. 

Short of equipment failure, there is only 
one reason for the received signal ampli- 
tude to fall below the required level: fad- 
ing. Fading is unquestionably the greatest 
cause of failed mobile radio communica- 
tions. Reducing the effects of fading leads 
to significant improvements in radio sys- 
tem performance. 

Two types of fading are present in the 
mobile radio environment, long-term fad- 
ing and short-term fading. 

Long-term fading is caused primarily 
by distance and terrain. In general, as the 
distance between transmitter and receiver 
increases, the signal amplitude tends to 
decrease. Received signal levels tend to 
be stronger when the mobile receiver is 
on hilltops with a line-of-sight radio path 


Figure 2. Short-term (multipath) fading is caused by a physical charac- 
teristic of electromagnetic waves. A direct wave travels from the trans- 
mit antenna to the mobile receiver antenna. In addition, an incident 
wave strikes the ground close to the vehicle and reflects upward and 
into the receiver antenna. 


to the transmitter. Signals are weaker 
when the line-of-sight path is blocked by 
terrain, (See Figure 1 above left.) 
Long-term fading has a gradual effect. 
As a receiver moves through a radio 
system’s coverage area, the signal ampli- 
tude gradually moves up and down in re- 
sponse to distance and topography. The 
effects of long-term fading cannot be cor- 
rected at the mobile unit. Coverage defi- 
ciencies induced by long-term fading can 
be corrected only by changing the number 
or location of the radio sites, or by using 
on-frequency-repeater technology. 
Short-term (multipath) fading is caused 
by a physical characteristic of electro- 
magnetic waves. (See Figure 2 above 
right.) A direct wave travels from the 
transmit antenna to the mobile receiver 
antenna. In addition, an incident wave 
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tude exceeds 0.9 when @ is less than 10° 
(which almost always is the case in land 
mobile communications), This small dif- 
ference in magnitude means that the re- 
flected wave’s amplitude will be similar 
to the direct wave’s amplitude. The mo- 
bile receiver responds to two sources of 
radio energy, the direct wave from a dis- 
tance and the reflected wave from the 
ground in close proximity to the receiver. 

When an electromagnetic wave strikes 
a reflector, its phase shifts 180°, a phe- 
nomenon known as specular or mirror- 
image reflection. These two waves, direct 
and reflected, interact to form a standing 
wave pattern of constructive and destruc- 
tive interference. 

Because it is impossible to see an elec- 
tromagnetic standing wave pattern of con- 
BiG nde ronan Gir ey 2 tea tenke ik OREO ey structive and destructive interference, it 
DISTANCE IN WAVELENGTHS (A) BES might be difficult to visualize. The water 

oN) ites Aenianen eee cers ss BRS waves in a ripple tank demonstrate the 
Figure 3. When a mobile receiver moves through an area, large fluctuations in received RF phenomenon. (See Photo I on page 56). 
amplitude result. These fluctuations are periodic and occur at half-wavelength intervals (6.9 In the ripple tank, two small floating 
Inches at 850MHz). The dynamic range of these fluctuations is about 50dB. balls (located at the center of the two cir- 

; cular patterns) are attached with strings 
strikes the ground close to the vehicle and — depends on the angle of incidence (9) and __ to vertical oscillators on the bottom of the 
reflects upward and into the receiver an- the ground’s reflection coefficient. For — tank. As each ball oscillates up and down, 
tenna. The power in the reflected wave average soil, the reflected wave’s magni- it creates waves. Waves from the two 
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MCS-100 SERIES 


The Gamber-Johnson MCS-100 Series is an economical altemative 
to consoles for mounting voice and data communications equipment 
in your Caprice or Crown Victoria. 


Our base is one piece, made of 3/16” electrostatically powdercoated 
steel. For safety, all edges are milled and corners rounded. Our 
design allows installation in minutes without 

drilling or modifying the vehicle. Our radio 

brackets are universal and simple to 

install and adjust. The 22 1/2” mounting 


surface gives you room for up to six sets of 
radio brackets, or a combination of brackets 
and a Gamber-Johnson MCS Series MDT or 
Laptop/Notebook mount. We even offer an 
adjustable armrest to assure an 
ergonomically correct work station. 


The simplicity and strength of our design op Xo, Ai ” 


provides a margin of safety unsurpassed in the industry, and ease 

of installation which saves you time and money. Of course, the ee tit an ves 
MCS-100 system is air bag friendly when properly installed, and, if ot LCE 

desired, may be upgraded to an enclosed console protecting your WO Seco eigen li 
initial investment years into the future. 
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sampling < Mt 801 Francis Street, Stevens Point, Wisconsin 54481 
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Photo 1. Because it is impossible to see an electromagnetic standing Figure 4. Signal amplitude at any given point ranges from 10dB above 
wave pattern of constructive and destructive interference, it might be _ the average value to 40dB below the average value. This distribution is 
difficult to visualize. The water waves in a ripple tank demonstrate the _ presented in its most useful form—Rayleigh paper, 

phenomenon. 


sources react with each other to form the sembles the direct and reflected radio- visible in the photo are the lighter shades 
standing wave pattern visible in Photo 1. frequency (RF) standing-wave pattem cre- of the crests and the darker shades of the 
This two-source interference pattern re- ated by two sources of radio energy. Clearly troughs of the standing-wave pattern. 
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The distance from maximum to mini- 
mum amplitude of the standing-wave pat- 
tern is one-half wavelength of the fre- 
quency of oscillation of the floating balls. 
Similarly, the distance from crest to crest 
or from trough to trough of short-term 
mobile radio fading is one-half wave- 
length of the radio waves’ oscillation. 

When a mobile receiver moves through 
an area, large fluctuations in received RF 
amplitude result. These fluctuations are 
periodic and occur at half-wavelength in- 
tervals (6.9 inches at 850MHz). The dy- 
namic range of these fluctuations is about 
50dB. Figure 3 on page 54 illustrates am- 
plitude variations that a moving vehicle 
typically might encounter. 

The distribution of short-term fading is 
a function of two random variables and is 
the sum of coherent sinusoidal waves of 
random phase and random amplitude. This 
sum describes exactly the mobile radio 
short-term fading phenomenon, which 
sometimes is referred to as Rayleigh fad- 
ing after Lord John William Strutt 
Rayleigh (1842-1919), a British physicist 
who first described the distribution. 

Signal amplitude at any given point 
ranges from 10dB above the average value 
to 40dB below the average value. This 


distribution is presented in its most useful 
form—Rayleigh paper—in Figure 4 on 
page 56. 

Rayleigh paper is an extremely useful 
tool for determining the percentage of prob- 
ability that a signal will be above or below 
the average value. Numbers across the bot- 
tom of the graph represent signal amplitude 
(with respect to the average value) in deci- 
bels; therefore, 0 is the average value. 

To find the percentage of probability of 
encountering a fade 20dB less than the 
average, follow the vertical —-20dB line 
upward until it intersects with the diagonal 
line. Then read the graph directly to the 
left. In this example, there is a 1.0% prob- 
ability of encountering a fade of 20dB. 

Fade margin is an RF system design 
characteristic that indicates the system’s 
ability to tolerate fades, It is expressed in 
decibels above the threshold where reli- 
able communication takes place. As long 
as the average RF signal amplitude is 
40dB above the level necessary for reli- 
able communications—a figure that rep- 
resents a 40dB fade margin—short-term 
fading will have no noticeable effect on 
the ability to communicate. Unfortu- 
nately, maintaining a 40dB fade margin 
in the field is practically impossible. 


When a given geographic area's fade 
margin is 20dB, 1% of the locations 
within the area will have RF amplitude 
below what is required for communica- 
tion. If the fade margin is 10dB, then 10% 
of the locations will have RF amplitudes 
below that required for communications. 

For voice communication via radio, fade 
margin can be translated directly into sys- 
tem reliability because short-term fading 
effects on voice communication are more 
of a nuisance than a serious problem, The 
mind’s processing power enables a listener 
to understand a voice message despite oc- 
casional noisy pops and hisses. 

Short-term fading is extremely destruc- 
tive to high-speed data communications. 
What the ear would endure as one little 
pop or a hissing sound may destroy sev- 
eral hundred bits of information. A mo- 
bile unit traveling at 1Smph through a 
Stationary environment will encounter 38 
fades per second, and more if the environ- 
ment includes moving objects such as 
trains, aircraft and automobiles. If these 
fades sink below the receiver's data re- 
covery threshold, successful data recep- 
tion becomes nearly impossible, 

Next: How the integrity of data communications 
can be protected in a fading environment. BR, 


TwinPack®2 MAXIMIZES TELECOM POWER 


PCPs TwinPack2 is a compact power system 
ideal for telecom systems with limited space and 
high power requirements. Each TwinPack2 
system consists of two modular, lightweight, 
switchmode rectifiers that plug into a total front- 
access mounting shelf. The modular rectifiers 
have input/output connectors for quick and easy 
installation and operation, and offer such 


advantages as N+1 redundancy, hot plug-in, 0.98 
power factor, 88% efficiency, and wide AC input 
voltage and frequency ranges for both domestic 
and foreign applications. Critical floor space is 
maximized by stacking mounting shelves directly 
on top of each other without the need of space 
or heat deflectors between shelves. 


Rectifier Module Ratings (22 lbs ea.) 
-48 Volt 50 Amp 

+24 Volt 100 Amp 

UL Listed 
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Diversity reception controller 
helps radio system performance 


Part 2—Using amplitude sensing, analog logic and output filtering along with 
low-cost integrated circuitry, an ideal selection diversity controller brings the 
advantages of diversity reception to commercial mobile communications. 


RECEIVER 


Figure 1. There are literally hundreds of variations on the concept of diversity reception. Most can 
be grouped into two main classifications of diversity reception systems, multi-antenna systems 
and multi-receiver systems, as shown above. Both of these schemes have proven largely unsuc- 
cessful, both technically and commercially, for a number of reasons. 


By Shane Fitzgerald 


Short-term (multipath) fading, as de- 
scribed in the first installment of this two- 
part article, is extremely destructive to 
high-speed data communications. What the 
ear would endure as one little pop or a 
hissing sound may destroy several hundred 
bits of information. An 800MHz mobile 
unit traveling at 1Smph through a station- 
ary environment will encounter 38 fades 
per second, and more if the environment 
includes moving objects such as trains, 
aircraft and automobiles. If these fades 
sink below the receiver's data recovery 
threshold, successful data reception be- 
comes nearly impossible. 

How can the integrity of data communi- 
cations be protected in a fading environ- 
ment? Two of the most popular and widely 
used methods are forward error-correction 


Fitzgerald is RF design engineer at ElectroCom 
Communications Systems, Santa Fe Springs, 
CA, ElectroCom manufactures the ideal selec- 
tion diversity controller described in this two- 
part article. 


(FEC) and redundant transmissions, 
With FEC, message reconstruction in- 
formation is attached to each message prior 
to transmission. Should the message be 
received with errors, the reconstruction 
information is used to reconstruct the 
message. This method is complex. Mes- 
sage reconstruction taxes the receiver's 
processing power because it is compu- 
tationally intensive, and it reduces system 
throughput significantly because an FEC 
code is added to each transmission. 
With redundant transmissions, each 
message is transmitted multiple times and 
a majority voting process is used to de- 
code the message. This simple scheme is 
less computationally intensive than FEC; 
but multiple transmissions of identical in- 
formation are extremely inefficient and 
dramatically reduce system throughput. 
FEC and redundant transmissions share 
two fundamental flaws in dealing with the 
destructive interference caused by 
multipath fading. The first flaw these sys- 
tems exhibit is their fatalistic approach to 
the problem. Instead of trying to eliminate 
the source of the problem (short-term fad- 
ing), these techniques try to recover from 


the damage the fading causes. The other 
flaw is that if the receiver remains station- 
ary while in a deep fade, no amount of 
FEC or redundant transmissions will help; 
communication will not be possible. 

Diversity reception, on the other hand, 
reduces destructive effects of multipath 
fading directly. Two closely spaced anten- 
nas receive signals that are considered to 
be uncorrelated; therefore, when one an- 
tenna experiences a fade, then the prob- 
ability of the other antenna simultaneously 
experiencing a fade is extremely unlikely. 
By selecting between antennas or receiy- 
ers quickly enough and in response to the 
fades, the damaging effects of short-term 
fading are dramatically reduced. 

There are literally hundreds of variations 
on the concept of diversity reception. Most 
can be grouped into two main classifica- 
tions of diversity reception systems, mutti- 
antenna systems and multi-receiver sys- 
tems, as shown in Figure | at the left. Both 
of these schemes have proven largely un- 
successful, both technically and commer- 
cially, for a number of reasons. 

Multi-antenna diversity uses a single 
receiver with multiple antennas that are 
connected to it one at a time, When the 
receiver picks up an adequate signal from 
its current antenna, it maintains the con- 
nection. If the signal falls below a prede- 
termined threshold, then the receiver 
switches to another antenna that may de- 
liver a better signal. 

Unfortunately, there is no guarantee that 
a better signal will be found when the re- 
ceiver switches antennas. The signal may, 
in fact, be worse. Moreover, waiting until 
the threshold of reliable communication is 
reached before switching means that a 
problem already has been encountered, 
rather than avoided. 

Multi-receiver diversity uses multiple 
receivers to supply recovered modulation. 
Special circuitry determines which 
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AMPLITUDE 
SENSING 


Figure 2. The diversity reception controller includes three main sections: an amplitude-sensing 
section, an analog logic section, and an output filter section. 


receiver is receiving the better signal, and 
that receiver is then selected. Composite 
recovered modulation is assembled using 
a combination, or selection, algorithm. 
This process is technically complex. It has 
been largely unsuccessful because RF sig- 
nal-level quantification circuitry cannot 
react fast enough to RF amplitude changes, 
and in the selection algorithm, high-speed 
switching between discontinuous signals 
causes damaging transients. 
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Fortunately, advances in performance 
along with reductions in the cost of inte- 
grated circuitry have enabled the develop- 
ment of a low-cost, highly efficient diver- 
sity reception controller that overcomes 
previous multi-antenna and multi-receiver 
problems. The controller's ideal selection 
diversity uses multiple receiver outputs 
that are selected by comparing RF carrier 
amplitudes. 

Figure 2 above is a block diagram of the 
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diversity reception controller, which in- 
cludes three main sections; an amplitude- 
sensing section, an analog logic section, 
and an output filter section. 

The amplitude-sensing section contains 
high-speed, integrated, intermediate- 
frequency (IF) processors that provide IF 
amplitude information proportional to the 
received signal at each antenna. The pro- 
cessors generate an ultra-fast de voltage 
received signal strength indicator (RSSI) 
proportional to the log of received power 
in decibels over a wide dynamic range. 

The analog logic section processes the 
IF amplitude voltage, receives recovered 
modulation from the receivers and continu- 
ously selects recovered modulation from 
the receiver with the higher relative re- 
ceived signal. 

The output filter section removes tran- 
sients caused by high-speed switching be- 
tween two discontinuous signals while 
ensuring constant input-to-output delays 
and fast settling characteristics. The filter 
can be programmed to accommodate all 
common IF bandwidths and response 
characteristics. 

Also included is a power supply de- 
signed specifically for automotive 
applications. 
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Photo 1. This digital storage oscilloscope display demonstrates the short-term fade reduction that 
an ideal selection diversity system provides during 500ms of reception in a vehicle traveling at 
10mph. The lowest received signal strength encountered by the selected receivers was about 
~-105dBm. Unselected receivers encountered numerous fades, six of which dipped to -130dBm. 


Photo 1 at the left and Photo 2 on page 
42 are plots taken from a digital storage 
oscilloscope connected to a diversity re- 
ception controller. These plots demonstrate 
short-term fade reduction that an ideal 
selection diversity system provides, 

Chl (the upper trace) is the receivers’ 
RSSI signal selected by the diversity re- 
ception controller to supply recovered 
modulation. Ch2 (the lower trace) displays 
the RSSI signals of the individual receiv- 
ers. The diversity reception controller al- 
ways selects the receiver with the higher 
relative signal level. This plot was taken in 
a vehicle traveling about 1Omph. The plot 
is a 500ms snapshot of the short-term fad- 
ing typically encountered in the mobile 
environment. 

Voltages displayed on the oscilloscope 
plots correspond to the received signal 
amplitude as follows: 


8.0V ~90dBm 

6.0V -100dBm 
40V  -110dBm 
2.0V —120dBm 
0.0V  -130dBm 


As shown in Photo |, the lowest re- 
ceived signal strength encountered by the 
selected receivers was about —105dBm. 


b | Hutton’s 1995 Product Selection 
Guide is designed for the busy mobile 
ego i professional. 
7000* popular items 
° re select manufacturers 
Never hunt through a huge stack 
of catalogs again! Call us toll-free to 
UNDER THE GOVER request your free copy of Hutton’s 


1995 Product Selection Guide today. 
You'll be glad you did! 


Dallas, Texas 
800-442-3811 


Atlanta,Georgia 
800-741-3811 


Denver,Colorado 
800-726-6245 


Seattle, Washington 
800-426-2964 


Toronto, Canada 
800-265-8685 


Mexico 
(95) 800-866-3811 


Circle (36) on Fast Fact Card 


Mobile Radio Technology March 1995 


Unselected receivers encountered numer- 
ous fades, six of which dipped to 
~130dBm, 

Photo 2 is another 500ms snapshot 
of typical short-term fading, taken at a 
slightly slower speed. Clearly evident is the 
classic shape of a Rayleigh distribution. 

This diversity reception method's gain 
is proportional to the fade depth. For ex- 
ample, the percentage of probability of 
encountering a —10dB fade with ideal se- 
lection diversity reception is 1.0%, one- 
tenth of the percentage of probability with- 
out diversity. The percentage of probabil- 
ity of encountering a fade of -20dB with 
i’ ideal selection diversity reception is 
20 MHz 0.01%, one-hundredth of the percentage of 
probability without diversity. 

Figure 3 on page 44 depicts this increase 
in fade protection. The left side of the 
graph indicates the percentage of probabil- 

1 4 \ ity of encountering a fade without diver- 
Chi 2.00¥ 7H 200% 4: MSaOms Lines 667mVv sity reception. The right side indicates the 
i | percentage of probability with a diversity 

aeaition tal frobe reception controller. ' 
~-2.08 div Initialized The increase in performance provided 
by the diversity controller translates into 
system reliability. As seen in Figure 3, 
Photo 2. Another 500ms snapshot of typical short-term fading, taken at a slightly slower speed. 99% reliability can be achieved with only 
Clearly evident is the classic shape of a Rayleigh distribution. a 10dB fade margin, representing a 10dB 
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MCS-100 SERIES 


The Gamber-Johnson MCS-100 Series is an economical alternative 
to consoles for mounting voice and data communications equipment 
in your Caprice or Crown Victoria. 


Our base is one piece, made of 3/16” electrostatically powdercoated 
steel. For safety, all edges are milled and corners rounded, Our 
design allows installation in minutes without 

drilling or modifying the vehicle. Our radio 

brackets are universal and simple to 

install and adjust. The 22 1/2" mounting 

surface gives you room for up to six sets of 

radio brackets, or a combination of brackets 

and a Gamber-Johnson MCS Series MDT or 

Laptop/Notebook mount. We even offer an 

adjustable armrest to assure an 

ergonomically correct work station. 


The simplicity and strength of our design 

provides a margin of safety unsurpassed in the industry, and ease 
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Figure 3. The increase in fade protection for ideal selection diversity reception is proportional to 


5 


the depth of fades encountered. The left side of the graph indicates the percentage of probability 
of encountering a fade without diversity reception. The right side indicates the percentage of 


probability with a diversity reception controller. 


improvement over a system without diver- 
sity reception. A 99.99% reliability can be 
achieved with a 20dB fade margin; this 
represents a 20dB improvement over a 
system without diversity reception. 
Adding diversity reception to an exist- 
ing radio communications system in- 
creases its coverage area and increases its 
reliability within any given area. For data com- 
munications systems, the success rate of 
first-attempt delivery of data messages rises 
dramatically, regardless of vehicle speed, 
For voice communication, the diversity 
reception controller provides an 8dB-10dB 
improvement in signal-to-noise ratio (S/N). 
The diversity reception controller can 
retrofit existing radio systems with the 
performance advantage of ideal selection 
diversity reception. An entire fleet can 
undergo retrofit, or only specific vehicles 
(such as vehicles that frequent poor cover- 
age areas). 
Although the focus of this article has 
been mainly on the mobile receiver, the 


base receiver or repeater receiver is sub- 
ject to the same short-term fading effects 
as the mobile unit. In terms of performance 
vs. cost, equipping the system base or re- 
peater station with diversity reception 
yields the most performance per dollar 
because the advantages of diversity recep- 
tion are shared by all users. 

A dramatic increase in performance of 
mobile-to-mobile communications is pos- 
sible when both repeater and mobile re- 
ceivers are equipped with the diversity 
reception controller. The uplink’s recoy- 
ered audio experiences an 8dB-10dB in- 
crease in S/N performance. This better- 
quality audio is repeated on the downlink 
to a diversity-equipped mobile receiver 
with an 8dB-10dB increase in S/N perfor- 
mance. The aggregate S/N performance 
increase can be as high as 16dB to 20dB. 

The controller is easy to install with 
few connections required and is com- 
patible with all existing communica- 
tions receivers. 


